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Thank you for submitting your manuscript for consideration by The EMBO Journal. It has now been seen by two referees whose comments are shown below.
As you will see from the reports, both referees are generally positive about your manuscript, although they raise concerns that you will have to address in an adequate manner before submitting a revised version. The points raised by the referees mainly relate to elaborating on experimental descriptions and discussion, but there are requests for additional experiments on the stability and spreading of trans-generational silencing that should be included to strengthen the manuscript further.
Given the referees' positive recommendations, we offer you the opportunity to submit a revised version of the manuscript, addressing the comments of both reviewers. I should add that it is EMBO Journal policy to allow only a single round of revision, and acceptance or rejection of your manuscript will therefore depend on the completeness of your responses to the full satisfaction of the referees in this revised version. Please do not hesitate to contact me if you have questions related to the review process and the requests made by the referees.
When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Peer-Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process, please visit our website: http://www.nature.com/emboj/about/process.html
We generally allow three months as standard revision time. As a matter of policy, competing manuscripts published during this period will not negatively impact on our assessment of the conceptual advance presented by your study. However, we request that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed.
Thank you for the opportunity to consider your work for publication. I look forward to your revision. Overall, the study is of great general importance and is well supported by evidence. The manuscript should be suitable for publication after the following minor revisions as detailed below.
Remarks: 1) Introduction, Page 3: Fly papers describing links between piRNAs/Piwi and chromatin (Klenov et al., Lin Nature and Sara Elgin G&D) should be cited.
2) Kamminga et al., 2012, the henn-1 mutant paper. Some brief description of the phenotype, level of piRNAs in the mutant etc would be good for the readers to quickly understand how strong the impact is on the piRNA pathway.
3) Figure 1A : What is the level of de-repression of the U1 sensor in Prg-1 and Henn-1 mutants? Is it possible that the level of reporter activation in henn-1 mutants is very low (meaning significant piRNA-mediate repression is still going on)? This would enable the cells to acquire the permanently silenced state (via sufficient 22G siRNA generation). 4) Since henn-1 mutant animals spontaneously acquire PSGS across generations, and the number of individuals going into PSGS increases with generation time, this suggests a quantitative increase in some silencing signal over time. Did the authors see any increase in 22G siRNAs over generations? I know these are difficult/time-consuming experiments to perform. If available, this could be provided. 5) Figure 1D : How were the Pre and mature EGFP mRNAs quantified? It is not clear from the primers given in the supplementary data. What are tbb-1 and pgl-3, and its relevance to this expt? There is no mention of this in the text. The colours green and black are not what we see in the figure (it is blue and red). 6) Page 6, 1st para: It is confusing "henn-1 wild-type animals". Are these heterozygotes? Why not call them that, instead of 2henn-1 wild-type"? 7) Figure 1C : Are these wild-type worms with 21 U sensor? Does this mean that wildtype animals with the sensor will also spontaneously initiate PSGS? Henn-1 or Prg-1 mutation is a way to reveal this silenced state. How many animals in a population of 21U sensor strains treated with RNAi (for Prg-1) show this? Give some numbers. 8) Show actual GFP fluorescence data for Figure 2 in the supplement. 9) Figure 3C- This is an interesting paper. The experiments are well done, and the results agree with the paper from the Miska and Mello labs which were just published in Cell. There are a few experiments/changes that the authors should do before I find the manuscript acceptable for publication in the EMBO journal.
-The experiments where they show (fig2b, pg.6) that the silencing works in trans is nice, but what happens in the F1 het? Is it silenced as a het? (Maybe I'm missing information that is displayed somewhere, but I can't find it).
-The trans-silencing effect happens also without prg-1 but only in 20% of the worms. This is interesting, but also weird -why 20%? This seems close to being a Mendelian trait? (~25%), but not quite. The authors discuss, in the end of the paragraph (end of pg6 beginning of 7) two possibilities: 1. That there's a diffusible element (=RNA) 2. That there are interactions between the alleles. This can be checked by setting up experiments in which the transgene will be lost.
-And so, can the trans effect persist in the absence of the transgene? (after one generation, can worms that just lost the transgene transmit the silencing?) -The authors should mention if they have tested whether any of the RDRP are required for these phenomena? -They didn't mention the Drosophila inheritance of piRNAs paper, and should now also quote Mello and Miska.
-On Pg.3 the authors say that the sort of silencing that they report is much more stable than the type of inherited silencing that was reported in the past, however both Vastenhouw et al, 2006 (referenced) and Rechavi et al, 2011 (not referenced), reported silencing that persists for tens of generations, and was extremely penetrant. This should be acknowledged. The authors' similar conclusion at the end of pg 5 should also be changed.
-The authors say that silencing (against the GFP fragment) is happening via "21Gs" while the endogenous gene is targeted by 22Gs. The 22Gs against the histone are lost when the transgene is silenced. This is in line with Craig Mello's recent theory of self and non-self (prg-1 or csr-1 small RNAs). This should be elaborated in the discussion. The "spreading effect" (upstream to the piRNA initiation site) is also very interesting, and I wonder which genes are responsible for it and what is its dynamics. Maybe the authors have other results where this effect is quantified using PCR of tested in different backgrounds (although it is not crucial to show this in this particular paper).
-There's a typo in the discussion: "A MUT---7/WAGO---9 dependent and a MUT---7/WAGO---9 (IN)dependent phase".
Response to reviewers comments and changes made to the manuscript.
We thank the reviewers for their fast review of our work and were glad to see that both were enthusiastic about the data we present. Below we address the issues that were raised by each of the two reviewers. First, however, I would like to indicate some additional changes we made to our manuscript. Although these were not specifically asked for, we believe these make valuable additions to the manuscript as well. 1) Among the labs reporting on this phenomenon, we have decided to use the name RNAe. We therefor no longer use PSGS in our manuscript, but RNAe. We believe this is important, since unanimous naming will create more clarity for the field. We now also mention in the text that we have observed the establishment of RNAe in response to dsRNA treatment. 2) We extended our ChIP analysis to include ChIP results from nrde--1 and wago--9 mutant backgrounds. In these mutants H3K9me3 enrichment is no longer observed ( Figure 4A ). 3) We now include Northern blot data demonstrating that RNAe--related 22G
RNAs disappear in nrde--1 and wago--9 mutants ( Figure 4B ). 4) We extended our mutant analysis and show that nrde--2 is required to maintain RNAe, while smg--2 and smg--5 are not. We also include double mutant analysis with prg--1 for mut--7, wago--9 and nrde--1 (Table 1) and show fluorescent images for these mutants in Figure S2 . 5) Our notion that small RNAs associated with RNAe are 21 nucleotides in length was based on an error. Their correct dominating length is 22 nucleotides (Figure 2 ). 6) Finally, we have placed the model in a new Figure 5 , and to safe space in the new Figure 2 , we moved the old Figure 2A to supplemental Figure S1 . Reviewer specific comments: Reviewer 1
1) The indicated references have been included in the introduction.
2) More information about the Kamminga (2012) paper is now presented at the start of the Results section. 3) Yes, de--repression in henn--1 mutants is low, and significant silencing activity is still present. This may indeed be an important factor in establishment of RNAe. However, we cannot make strong statements about this at present since we have not yet been able to reliably establish initiation frequencies in wild--type animals. 4) This is a very interesting issue indeed but, unfortunately, we have not yet been able to do the proposed, and indeed time--consuming experiments. 5) Our apologies for the poor labeling of the figure. Tbb--1 and pgl--3 are the two different reference genes we used. We also corrected the colour--issue. 6) The animals referred to are homozygous wild--type for henn--1, not heterozygous. 7) We now give numbers on these observations in the legend to this figure. 8) We now show fluorescence images for the new crosses.
9) Very few GFP--derived sense--reads were identified (7) and we believe these are not relevant. We have indicated this in the legend to Figure 3 . 10) We have not carefully followed 22G RNA profiles in succeeding generations. Again, an interesting point, but too time--consuming to be included in this manuscript. 11) We believe there is an anti--silencing activity that may be triggered through PRG--1. We hinted at this in our results section but now we include this in the discussion. We also mention a similar scenario has been suggested in the work that has just been published by the Mello and Miska labs. 12) We have not done this (yet). Reviewer 2 1) We have repeated the indicated crosses in a more controlled manner, keeping all generations homozygous prg--1 mutant at all times. This way we can better score the in trans effect of RNAe, since no novel prg--1 mediated initiation events can take place. These new experiments have revealed that RNAe can act in trans in the F1 if the RNAe affected transgene is derived from the female germline. An RNAe transgene from sperm cannot induce silencing on an active transgene in the oocyte. 2) We have analyzed whether oocytes that have just lost an RNAe transgene can silence an active transgene that is brought in via the sperm. This revealed that such oocytes can impose RNAe, indicating that a diffusible cytoplasmic agent plays a role in RNAe. 3) We now specifically mention that the involved RdRP has not yet been identified. 4) These references have now been included. 5) The type of heritable silencing described by Vastenhouw et al. could be maintained for many generations, but within each generation only 10--20% was affected. This is clearly different from our results. The data described by Rechavi et al. relate to viral RNAs. These authors indeed described very stable propagation of silencing. We now acknowledge this, and cite this paper. 6) We now address these issues in the discussion. Unfortunately we do not have data yet concerning the transition in 22G RNA characteristics. We agree this is an interesting topic to pursue. 7) This typo has been corrected. In summary, I believe we have addressed all the comments made by the reviewers either by text or through new experiments. In addition, we provide new data that further strengthens our claims on 22G RNA production, Nrde--pathway involvement and H3K9 methylation related to RNAe. I believe that our manuscript is now suitable for publication in EMBO Journal.
